Genetic resource banks and assisted reproductive technologies support the conservation of endangered or threatened species. In this study we assessed two procedures to cryopreserve skin biopsies from live brown bears. Skin biopsies were taken from six live, anesthetized brown bears. Single biopsies (n ‫؍‬ 3) of each animal were cut into small pieces and assigned to one of the three experimental groups: freezing, vitrification, or untreated fresh. There were no differences on cell attachment. However, both freezing and fresh culture allowed for higher cell proliferation (p Ͻ 0.05) and less days to reach 70% to 80% confluence (p Ͻ 0.03) than vitrification. Skin biopsies from brown bears can be preserved long term, allowing fibroblasts to proliferate in culture. Slow freezing was effective to cryopreserve skin biopsies from brown bears.
INTRODUCTION G
ENETIC RESOURCE BANKS cryopreserve gametes, embryos, and somatic cells with the aim to reintroduce genes in valuable, endangered or threatened animal populations. Assisted reproductive technologies support the conservation efforts, 1 for example, to preserve the African wild cat 2 and giant panda, [3] [4] [5] In Spain, the Cantabric brown bear (Ursus arctos pyrenaicus) is an endangered population estimated at 100 individuals. Efforts are made to protect its declining environment and to preserve semen, cells, and somatic tissues.
Using nuclear transfer (NT) in wildlife conservation is controversial, 6 but the potential of this technology should not be ignored as a valuable approach for species restoration. Somatic cells such as skin-derived fibroblasts can be obtained, expanded in culture, cryopreserved, and thawed for use in NT. 7 Skin cryopreservation is an alternative to obtain fibroblasts as a source of somatic cells for future use. However, skin cryopreservation should focus on the simplest method, as samples from wild animals are usually taken from the field, sometimes in locations difficult to reach and without a basic laboratory nearby to process and to preserve the samples. The aim of this study was to assess two simple procedures to cryopreserve skin biopsies from live brown bears.
MATERIALS AND METHODS
Skin biopsies (n ϭ 3/individual), 8 mm diameter, were taken in Cantabria (Spain) from six inner thighs of live, anesthetized brown bears (Ursus arctos), and transported to the laboratory within 4 h.
Each biopsy sample was cut into small pieces. Biopsies processed fresh were readily digested with collagenase Type IV (300 units/ mL) (Sigma C5138, St. Louis, MO) for 14 h at 38°C. Disaggregated cells were centrifuged at 1600 rpm for 10 min and the pellet diluted with D-MEM (Sigma D5671) containing 10% fetal bovine serum (FBS). 8 Cells were cultured in 12.5 cm 2 flasks with 5% CO 2 and high humidity at 38°C, up to 70% to 80% confluence ( Fig. 1 ).
For freezing, small pieces were placed in a 2-mL cryovial containing 1-mL freezing medium (D-MEM ϩ 10% DMSO ϩ 10% FBS). Cryovials were loaded in a box containing isopropanol (Mr. Frosty; Sigma) and placed overnight at Ϫ80°C before a Ͼ6-month storage in LN 2 . The cryovials were thawed in water at 38°C for 2 min, the freezing medium was removed and mixed with 1 mL D-MEM ϩ 10% FBS. The next steps are further detailed above in the fresh skin procedure. For vitrification, the small skin pieces were placed in cryovials containing 1 mL of vitrification medium (D-MEM ϩ 20% FBS ϩ 20% ethylene glycol ϩ 20% DMSO), equilibrated for 10 min at room temperature, plunged directly, and then stored in LN 2 . Warming took place after 6 months by loading cryovials in a water bath at 38°C for 2 min. The next steps are described as those for fresh skin. 
Confluence to 70%-80% Statistical analyses
Cell attachment and confluence were analyzed using the CATMOD procedure of the Statistical Analysis System. 9 The days to reach 70% to 80% cell confluence were analyzed by using the conventional analysis of variance for unequal subclass numbers-GLM procedure of SAS.
RESULTS
There were no differences on cell attachment between treatments (Table 1) . However, differences were observed on cell proliferation (p Ͻ 0.05) and days to reach 70% to 80% confluence (p Ͻ 0.03). Vitrification led to poorer cell proliferation and more days to reach 70% to 80% confluence (19.2 Ϯ 2.0) than freezing (11.25 Ϯ 1.2) or fresh fibroblasts (8.7 Ϯ 1.2), respectively.
DISCUSSION
This work underlines the importance of a preserved source of cells as a back up sample, especially when samples are difficult to obtain and/or belong to wild animals.
Skin freezing was effective to obtain attaching and proliferating fibroblast. The days to reach 70% to 80% confluence did not differ between freezing and fresh skin. However, vitrification reduced cell growth, although it did not affect cell attachment. There is a cell viability threshold under which the tissue cannot maintain growth, while function will be eventually compromised. 10 In our study, numbers of attached cells were clearly reduced after vitrification. Therefore, it is possible that these cells were insufficient to reach the above-cited threshold. Accordingly, when vitrified fibroblasts did proliferate, the time invested to confluence was longer than other groups.
Other researchers successfully cryopreserved skin from rabbits, pigs, goats, sheep, and cattle. [10] [11] [12] However, they worked postmortem, while skin samples were placed in straws and seeded directly in a plastic dish to obtain fibroblasts. In contrast, we worked with anesthetized wild animals, used cryovials to facilitate the handling, and fibroblasts were obtained after using a collagenase treatment. The number of animals involved in our research was limited, as well as the number of biopsies performed, in accordance with the EC Directive 86-609-C.
Skin vitrification needs further studies and refinement prior to its use on the field. However, the method we developed would allow the preservation of skin biopsies on the field without the need to transport samples to the laboratory. Cryovials containing vitrification medium and a small nitrogen tank would be all the material needed to preserve the skin biopsies. In addition, the results obtained in this study can provide a valuable reference for researchers working with nondomesticated species. We showed that skin biopsies from anesthetized brown bears can be cryopreserved long term and be used to obtain fibroblasts from culture postthaw. Slow freezing was effective to cryopreserve skin biopsies from brown bears.
